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Abstract 



A gas concentration-measuring device, which includes a gas concentration sensor, can measure the element resistance 
without affecting the gas concentration measurement. The sensing cells have a structure comprising a solid electrolyte 
element and electrodes so provided as to face each other with the solid electrolyte element between, and are kept active 
by heating the sensing cells in response to an element impedance of the solid electrolyte element. The sensing cells 
typically include a pump cell, a sensor cell and a monitor cell. A heater Is imbedded in any solid electrolyte element. A 
sensor cell voltage is applied to the sensor cell while detecting a current that runs through the sepsor cell. The 
concentration of the specific gas component in the subject gas is found from the detected current. In the element 
impedance measurement, the electronic circuit portion instantaneously changes a voltage applied to a cell used for 
element impedance measurement while detecting the element impedance from variations in voltage and current. In 
response to the element impedance, electric energy is applied to the heater so as to keep the cells active 
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tc^iD iz-H i)i^<,-f P>nx*s>). 9?l2^^J£la*lffl^S 
2 X5i 7 {CtBiSO;</;^iftK<j|UlS|S, 
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COCO n 

•feiu. ^2>1f•fe;^sc?*-^'■fe;^4Wr•5//xigS•fe> 

fiX^©fiSg4tsimf s x/;^ iga«iffi*ia«:M-r 5 *>© -c 

C0002] 

10 ®jg^©//;^?fia42>i*-*«i,». m^itMtj3m<omif^ 
^©NOx^ifta-rsfc©***^. x/;^«s-fe>i^». 

3-feJU«S«rWL/. #>7'-feJUf«. 9^i'>-'<-{C^A 
Ofcgf^;^4i©K^©gfa3tttai5^ji**i?f*:>n, -fe^ 
■!J-fe;l'-c«. rt<>7"H2;l'^ji3aL/ii?*©*':^3&»€>NOx 

(!^}E:</x^^©ieef) *ii*fcB$ns. */c. 

C 0 0 0 3 ] MK. ^XifiS-fe>1»-K:*jt,i-C». ±S© 

ttfie:ffl^©fli{c^c2,j:^. t-^©3im=&$ijsju-ct,^ 
a«:i&i;rt-ir©a«*7 ^ - F^^-y tfimi,x\.^. 

[0 0 0 4] ^^«ia©«lffl*S<!: L/-C. 
30 «Fai2 0 0 0-1 7 1 43 9#4^«) . -T^r^J-^. 

{*miJ©i«>':c< <i:<siti*>{c-Hte!j«:iw»)iSftA6n. -e© 

ft!F©«B^{fcfii«S5^ffcSi*»635^tS*ttftffl5n 
[0005] 

[^?B*i»^bJ:^<!:TSiRa] Oifil,rj:tfi^, JhiS© 
40 fflOJS§lffi?:^t,^r-fe>-!f-lriU©3R^a^*«ia}-re» 

^. •e©^^^$^©ft^al8pa■c«. -fev-tJ-feJi/EnJfnisiE 

«c«r^ rrj:t>l~,. 3RT-JStn:©*itBJWiai«. NOxiSg© 
xaie«lffi*^-p£>^36i*5. «±©C<b3!P6. NOx 

[0006] :$:^H^«. jiiapgiscc^aLr^csnfc^) 
©-c*o-c. ■^•©aw.fc'r'Stc^a. *':^j&s*miK: 
50 ^'S:Rii-rctt£<fii^ntKim&icmm-rictffi 



[000 7] 

[mmim^'r^fci5b(D^m it ^ i ^ciES&omMv 
< ^s?atc«i tar c ^ ^jr^r # ^ , 

[0008] ±MEBmvU. W5R312 CcfSigO/c J: ^ 
[0 0 0 9] ^:rc. iS^4^ieiSU/cJ:^w:. -fe>if 

[0010] M(C. 3 ■fe;b«SO;VX{gg-lr >t^Jai^ 

[0011] n^ei^um>mn^^t. w\t^ti:^^fs^ aq 
(0 0 1 2 ] ^/c. mmmi (^imcD^mv^t. tjy^m. 



#§§200 2-3725 1 4 
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[0 0 13] <hc5r. ^^t>-fe;u-c«]g|S^^i^^a 
A i^vr>'-^T) m&(o^t^^ti^^ c(oir-^- 

CO 0 1 4] 

[0015] 3fer«G«>fC. ;?/::^aSg-fe>1t-(0«^^ig 
2€:flac>-CSil8-r'&, ia2 0f>:tf;^ift@[-fe>lf«. ;}^>r?^ 
■b;k ■fe>l^'fe;USaf^^^'fe;U:&ie^S3H2>»i'S^^ 

t*^. ^C46\ 02 (a) -fe>-!f*^5agSB«^€ 
7n"r»f®ig'C*0. SI2 (b) tt, 132 (a> <DA-A 

[0 0 16] 0 o«::foti"c. 

4 1.1 4 2«St^^^cL.. rJUS:f-^CDttig1vtl4?i^6 
ti^:^^-^ 1 4 3^/M^-ca<D±Tfic^^raPS^lBr 

raiBsnrc^s, c<d^%. igcD±«cDH»^««i 

4 1 ^Ufc*>;^-;H 4 1 a*i^^$nr:teD. COt' 
1 4 1 a^/M.r^S-fe>1f^ffl<Dgf3^':^3)i|pf 
l^i->/<-l 4 4rtiC*A$n6. ^l^-rW<-l 
44«. gJOaSl 45^/^Lr||2^-f>>'^'-l 46(C 
ilMLrL^^. 15^1 4 7«^?L^«t/lr^'5o 

[0017] a<DT(iJo@(*m^® 1 4 2 (ctj. m i ^ 
1 4 4{cM-r-SJ:^«:ut:j}<>7*-b;n i 0*^ 
S:C:f ^nr^jO. j}<>:7*-b;H 1 0«. mi^^ly^^- 



5 

*^t^^r±T"-*fosffi 1 11.11 2*wtx. 

7*-fe;H lOii. mi ^-f 1 4 4f*JfC??aT^K 
^?:^*«U-C^®1 1 2J:0:^jiKl 5 0flij5Cgpmr 

(0018] S/c. ia©±<WcD@f*S^W 1 4 1 CCti. 
S25^-^>^<- 1 4 6{Cffi-rS<i:^CCU"C^:=.3?-feJl/l 

2 ORo^'-fe^t^-feji/i 3 0 7j»^S:c:f enri^^, ^^^.^-fe 
;H2 0«. m2 5^i'>yN'-i 4 6rtcD^*jm^rSgcc 

-So S/c. -fe^tf-fe;!/! 3 Oii. ;i<>:7--fe;n 1 O^ffi 
iiS 0 /cf^O ;^7X 6 N O X iffiS* «^[±i f -5 - 
[0019] #«:2(s:||jit©f^)S8r». 02 (b) (CtkT 

-5 . -feJH 2 0 RO'-fe>1f -fe;L' 1 3 0 7&^ife?U«:ie 

g^n-Schi^JC. C^^6S'fe;H 2 0. 1 3 0O7^M 
8S1 4 8fflJ(7>^@;I)5^tji^^l 2 2<i:^cC-:>ri^'5o 
^-^^ 2 Hftm^mi 4 1 <t-en?: 

^^^r*f^aIis^g^tl/c^ i 2 1 sc^^^feM^s 1 2 2 i 

tf^f^tjiff). -fz^-^-feiH 3 0». |5ID<H»«i?Sl 4 

1 <^:^n^^^^^•c*t^fil^eg$t^/cm@l 3 laof^ta^ 

SI 2 2 cf:7&i6?5:-5o ?^c*>\ ^^^-fe;H 2 OomS 1 

2 1 (m2^-*'WN'-l 4 6WJ(Dme) 5iNOx:^/XCC 

-^-feiH 3 0<D^1 3 1 (mZ^^yj^-- l4 6m(D 
«S) 53:NOx^;:<ccffitt>^j:P t^foa^ja^JpejQr-S. 
[0 02 0] H^«:. S3 (a) -t^ t^f -fe^H 2 0 
;SC>'-fe>1f'fe;H 3 0<Dm@^l^2f^ 1 4 6<ij 

^^mi^c^spffiWrSir^)!}. 133 (b) Cti6S-feil' 

<d^@^:^:»j1k 1 4 smt^hmc^m9imv$>6. {b 

^^:$f-fe;H 2 0JtO'-fe>1^-fe;H 3 OcomS«. 

S3 (a) cD<fc^cc. gf:^'j;<DSSn:6'rsicc?&or^jcc 

1 2 0^±iJ^liJ (^cDSfflJ) -fe>1f-bJH 3€:T« 

[0 0 2 1] mi^nmn i 4 2 o:>m<DTm^c{t^mm 1 

49:e)^^t:t^n. C COlgMil 1 4 9 .fc 0 1 5 
07!>^ff^lS$nrCi^, iS/c. «)»lll49tC«. •t2>1f 

t-^ 1 5 1 itTfOy^-izjl, 110. ^^^•feJl' 1 2 OR 
0'-i2>lf-feii/ 1 3 0 ^$s?>/c-fe:/lt±»:^ritt1^^SSK:-r 

[0 02 2 ] ±fat8/?XCD:^*X«a-b>1f 1 0 0 CCfeC^ 
gW;^«^?La4£t5tli 1 4 7S:>'t•>;^-;^ 1 4 1 
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a*2ir>rill Wf-l 4 4icaSASti'5, -tL 

:j<>:/-fe;u 1 1 oomsi 11.11 zrsic^^mm 

t^CtV^mS[Jti^mcKf. mi^-fV/N'-l 4 4rt 

CD®^S^l£;Dr;J<>:/'fe;U 1 1 o^itLxwm^m 

LXtl^tl^^ tji^COt-^. mi^-t'>>'<-l 4 4111 
OSSl 1 l;&^NOx:F^§14mSr^-50r. 

;n 1 o-cttgp^xcti(DNOxtt^^«snr. 
:C>5^S^n-c:^^ssi BOicSPtu^ti^. ^ur. ^ 

[0 02 3] ^(O^ik. ;i<> v^-feJU 1 1 O&m^m^Ufc 
1 2 or». :</;^cpCD^J»S»gtCj£Dfca}:t?:&s«5E 

corns 12 1, 12 2 r^(tcmM(omE.^tmr^ c i 
;n 3 0 oms 13 1. 12 2 mtcmmons.^ma'r 
20 ^ms^:kmMmi4 8^mai^ti^o "^(om. '^>v- 

OxjftS^i^ltiiSn^. 

[0024] ;JC5C. ;^-;^flSg«iai^S<0mmW?5:«£R^ 

0 1 ^mi^x^m-r^. 1 5*. w^cD:^f;^ifta'fe 
>if 1 0 0 ^mi.^fc^':^mmkmmmv^^ffi. 
■feit' 1 2 oso^-fe^if-fe/i/ 1 3 0(C)iiSiegccocir 

[0 02 5] laiccctec^r. stjgi[5iB2 0 o«. cp 

S-fe;H 1 0^1 3 0<DEnamE«:D/A3>^>' 
(D/A0-D/A2) J:Oii:aa4:^?t-'5>. ^/c. 

mmmmz o o s-fe^i' 1 1 o - 1 3 o ^mn^mwL 

i:mmt^<. Sig^Vc, Ve. Vd. Vb. Vg, 
VhCDm£E^&A/D3>/^'-:$? (A/D0--A/D5) 

O-^-fe^if-feJU 1 3 0 x(Dm^^'^^^^y4^xmts7.^ 
oK^s^NOxTSS^^^ttju. -ecDt^dafii^D/A 
(D/A4. D/A3) c^:0^1'gp«:a;t^•r 
40 

[0 02 6] (5|5S«^CCoi^TI?U<«. Tfi-^vr-^jVl 

1 0 ic^-c^r— 1 1 2 ic«, s»mi®2 o i r 

O':t'^T>y2 0 2CCJ:«3^«EVa3!riEnftl3n, ffe 

yfomm i 1 1 ccjj. ^-ct>7'2 o sao'^i^ats 

2 0 4 r gJJaiHigS 2 0 0 <^>*§^mEE V b 

jg^^EVbcDEniinccKu. sf^^/xttKoe^is 

i£Mfflffi!a 2 0 4 OMS^SE V b , V d 2 
50 0 05Ci5:03^*n. -eo^EVb. VdCCJ:0^>::^-fe 



[0 02 7] ^fc. '=t^:>-fe;H 2 0SO'-b>1f-b;H 

3 0 (Di^mism 1 2 2 {c«. w^mm2 o 5 sc;f^-^r 
2 2 i(i^nc^:?5'0-fe>if'fe;i/^gi 3 1 ccij. ^-^r 

>y2 0 7SCfmfil<^ttiS£t2 0 8^&/Myr ©MHfIS 2 

oo(Dtg^^vg*JEpijn$n-s. }g^mEv^©En»D 

0 5cS£j&^i£tl t . -ecDmS£*^®^£«iaS!a 2 0 8 iC 

mzvg, vh^mm]s^2oo^wL^i^ttti. ^<o^ . 

[ 0 0 2 8 ] ^fc, ^ta^e 1 2 2 
^Jr-feiUmSl 2 LPF -<;Ui5?) 2 

0 9. :t-cT>:^2 1 o^^nmwdmK2 1 

r ©lisiiBiss 2 0 0 (DJg^^jE V c *«Enflo$ n -So fi^m 

^ar-feju 1 2 0 ^^m^tf^^n^t. -ecDmsfe^^misi^tB 
fila2 1 lK:j:0^ffi$n-&. o^o. msfetfeffisei2 

1 1 cDMffi^mEEV c , V e 2&«$8®IhIK2 0 0 iCiRO 20 

[002 9] ^fc*IIJt<DB,^"C«. ^r. ir-fe;!.! 2 0 
>f-^>;^*^a3^5C:foCir. ©J®@5S2 0 OCC<=i:0, 

:^^-fe;n 2otc£ntti$n^o s^dsmEEosisaatti o 

kHz«±;&ia*l^<. LPF2 0 9<D^^S:«5us 

[0 03 0 ] a^CC. ^r.:$f-fe;U 1 2 0RO''fe>-t^•fe;^ 
i 3 OrCJ. — 1 2 2 <!: Utcfclsb. 

^ms.m(D K ^ :/@S;&iSii?)ir ^ ^ i ^ ^ y h 

:^'X2gg-fe>lfl 0 035><E><Dy--KiS(DKOaiU* 
^-feJH 2 Oi-feVtf-bil/ 1 3 Oi$il5lO@««KS 1 

4 i-cBO^-^rjg^^ti^fcii). »?|i!F«:»i«©«g 

:o 03 1] £c5r. ^^^-fein 2 or«5Sg^^ 
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;H 2 0«:J:-5^S^«ltHKfi>f>t-^i^>;^<^tfj^ 

[0032] A«:ttCC«. «SB«ltaffiia2 1 1 dcm^l 
Sq<D^Sfet^tHS!A2 1 2t%^v^M^2 1 3 («4 

2 0 0<Dl/0d<-b3jp6Om:^Cc^0, :^^v^M& 

2 I 3^:t>y:ty:^i±^j:'>mf&-r^o c<Dm^. m 

(Ba&) 9mkmmri2 l l4Cj:-5»lOOlcQg 

<Hi«) mmikmmK2 1 1x0^2 1 2«:j:s 

[0 0 33] ^/c. $fJ®[5I5g2 0 OrtcDCPUtt. $(1® 
ig^<lD u t y ^ I /O^- h^^em^bOtMO S F E 
TK^'f>'>'2 5 l^|gi&-r^. C<Dt^. MOSFET 
2 5 2{Cj:0m®2 5 3 f^Umif^) ;5P€>t: 

[0 034] ±iecr)*o< «^$n^;^igsitffi^ 

gCDffffl^gJHB-r-S, ia4«. ©1®IHIK2 0 0CC^OII 

sss ^ ^ xoes^^-r :7 n - ^ r - h r 

[0 0 3 5] 04CC*5C>r, ^ferx-f-:?:/! oor«. 

A/FRO^NOxiftKOft^fflaWCCffi^'T'S^Pa 
r^-^r. mtiTa = 4ms e c^Sfc^$ti-So 
-e^-C. Xf":^::^! 0 0;{>5YES"C*ac<h^^mcx 
^yZfl I OCCji^. A/FSC;^NOxiga(D*lfflffiS 

[0036] ccom^. A/F (K^ifiS:) cDtfetH^iil 
-CCS. -^cD^^cO;i<>:/-fe;l/miS I pCCfc;D3^c^>::^-fe 

p^A/Fffi^c^Jft-r^o ^fc, NOxiSS^O 

[0 0 3 7 ] A/F^^C;^NOxzSe[CDt^m^, T.'rVlf 
53:. ^^^>l::'--^>XZACO«^BS«8{CtB^T'S^ 

P^r^ot:. 0«x.iSx>>^>ai£tfc^«:j£;G-c 1 2 8m 

sec. 2 s e dfCD^eWiStfilKCCiat^n^^o -^b 
"C. Xf*-^:7'1 20diYES-C^^C<b^^ff^(C. 

1 3 0rS^-<>b--5i^>XZAC^«^aiT-5<i:it 
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[0038] fc -^mmMw^murit^f^mMomwv 

C7:)^i:b^S9>^*C>i©'^^c&i. mtfx^-f-^ibl 0 0 
CO 03 9] ^^CC. frfBa4<DXf--y7^1 3 0CC*jC:r-5 

ooQ^gcc^ofexen^, ^/c ;^'f ^^:7-i 3 2r 

^^^-is;!/ 1 2 0 (DEIlJraiSIE (Jg^mEV c ) ^fil 

rmiE^iEffliccs 1 0 - 1 0 0 M s e cm&commvm 

[0040] ^<7>f^. XT- 7 1 3 3 -^-OKSfO^ 

mt^m^m,^. m<:^r^y^i 3 4xu. mEKitm 
tmm^itmtii^ib^^^ > t- - z a c ^nmr 
% (ZAC=mimYtSy^®s^<ka) « hjc. xr--^ 

[0 04 1] «::te*||j}g<D?e.^r{i. 1^4 <3DXf - --^ 1 
[0 042] «±»aL.:fc2f:||Jg(D?g.«K:j:tiJ^. «T 

cc^t"^^;:>^f#6n'i). 0 ocD^^:5? 

-feiH 2 0^$tmcC^T->f >f-:5i^>XZAC^«iaU 
fiKD-C. a^^>fc--y>XZAC(DtfemiCKL/. H2> 

i?-fe;n 3 oroNOxigS^^a^^i^iffiT^n'Sci^i^^ 

^ A / F ^ffi CC i;^ «r RJJ -r C i < I^T- ^ > f > 

X z A c ^stsscc^Hi-r ^ c t f)^x^ 

[0 04 3] ^fcCOm. 1 2 0 <i:•fe>1^■fe 

;n 3 0 itiiaSu/cttlgriSg^tir:^*). 

;H 2 0 r (D^^-r > t'- X Z A C CCS-:?* t :$r 
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>1^•fe;^ 1 3 0 tfi^i^ccmmommmxmn^iti^j: 

[0 04 4] ^/c, >yxzfig-lr>-tM 0 0^^%»r. -=6 
1 2 0 <f:-fe>t?-fe;l/ 1 3 0 it?— *<Daffi;&i^fc 

xBmmmi)^mm^c^Ki^^^ti. m^^>^*-^> 

10 (iL. 2 0RZ/'b>1f''^)ll 3 0V 

[0 04 5] ^^^-feJH 2 0«:J:^^gM^S:^m 

^^^Wi^fcox. ^^^^)\^ 1 2 0 rcD^ifeft^tacc^ 
20 [0046] (m2 <Dmmmm) ^xcc. ^^mn^^ci^^i 

[0047] :^'X?fiS«im^(D«^±(Djit,^<t LX 
#>':^-fe;H 1 0-C<D-r>l:--:$^>x«iaiCCKO 

$«f[i®K2 0 0^>6ffi:fj3n^Ji<>r'^-feji/EnftimEE 

30 ^. «lfarBK2 0 0<OD/AlCCLPF%g|3K-r'5. ^ 
XZAC^1*ffi-r-5, 

[0 04 8] 06{C-PtirSi9i'rti53f, ^c'TT.f'yy^Z 

t'tr^^jEffifca 1 0-- 1 0 0 s e c^go^rar 

m^mccmt^-i^^o ^©f^. xf'5;y2 0 2-c». 

po^fks^^s^BX-s^a iK< x^-^^2 0 3r5i. m 
40 ii^{tjiim?s^{ts<h3&>6^^>r>t:-:$^>xzAC 
^mmr^ (ZAc=s£^{bs/mife3!fts) , 
[oo4 9]a<^cc. ^>y-i2;n 1 ors^'{>f- 

^>XZAC:§:«lfflr^i8^. A/F«ffl^RO^-f>f 

-^(Dfci^. mimKOJz^fj::^^ y^M^Z I 3^m^ 

[0050] tii:^20||iffe<Dff$^.-C«. -^^D^^-r 
>t:-^>XZ ACOtfettiCCl^O. -feVlf-b:;!/! 3 or 

50 NOx«ao^«fefcB»3PBl7&5'C#^ci«^cCi, SfoT. 
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[0 05 1 ] ifccom^. #>:/-fe;H 1 OifiWTm(D 

1 0 0 tmm<Dmi'^c-:>\,^x{tm—<DW^^fii.. ^(d 

ffll^ 3j?>>^-fe;H 1 0^*f*lfC*^>f>f-:$r>>^«: 

[0 05 3] ( 1) 07{c^-r^;^igg-b>i^3 oor 

#>:/-b;H 1 0 3&ss<D±ffl!j(D@<*^)S®l 4 1 
iC. i 2 0SO'-b>■^^-fe;^ 1 3 O;&S0<5!)TWJ 

cDSf^missi 4 2cc^n-ensc:fe>nrc^i>o f^jr^b 
^. BMfeiE2<D;^'xigg-fe>i^i oo«c^*L/r. .ioy 

'fe;U110OttSi. ^-:$r-fe;H 2 0Riyf-fe>1f-feiU 
1 3 0<DfiS<f:;!^±Tj3!^c;^cCori^^, )^cCi5. 

2 0Sa^-fe>if-fe;H 3 0«. R^CDaO»:^7^CD 

[0 05 4] (2) a8(C7nr:</>^ifiS-fe>1f4 0 or 
^:^3?-fe;H 2 0^51^1 ^-^>>'N*>-1 4 4iC. -fe> 
1f-b;H 3 0tiim2^-^>^<- 1 4 6CC-en-etlSC:r6 
nri^-So T^c*D%. ^r. jj-b^H 2 0<t-fe>lf-fe;l/l 
3 0i;&i|5lD@»«»ar. SoS^c^^■r>^^'-CC|9: 

[0 05 5] (3) laQCCTnf :^'::^zSS-fe>1f5 OO-C 

^ -fe^H 2 0 )&i@(DT®J<0@«^j^® 1 4 2 
CC. -fe>1f^?;l. 1 3 0 i^m(0±m(Dmti::mmm 1 4 1 CC 40 

mt^mmw^m^fbtixi.^^^ ±fH (2) . o) 

^JC^. ^^:5f-fe>H/l 2 0<»:-b>1^-fe;H 3 OicD^aiS 
»l:L«ffl9ifi<. ^^^S'-fe^H 2 Or<D-/>f-:5r>;^$lJ 

[0 05 6] (4) ±ieLirc3'fe;u«i§cD*';^«K-fe> 
iftli^cc. 4ofeLb<o-b;UJ&WT^:^xifiK-fe>ifoc4> 
*l^8>g;&^affir^'5>, laiO (a) <Dii:^^m. 

-fe>t^6 0 0r{i. eBSO^:^:$?-b;H 2 OiCjjQx.. m 50 
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1 ^i->>'^'-l 4 4iC|^2CO^^:5'-feJH 6 0;C>^ff/t{C 
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